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Abstract : Photoacoustic tomography imaging research has been conducted 
to distinguish several types of materials. The photoacoustic tomography 
imaging system used in this study uses a diode laser as a source of radiation 
and a condenser microphone as a detection tool. The sample is a combination 
of two types of materials, namely plasticine + iron wire, plasticine + 
cardboard, plasticine + mica plastic, and mica plastic + cardboard. Optimum 
setting of laser modulation frequency and duty cycle system to distinguish 
images from plasticine samples + iron wire and plasticine + cardboard, i.e., 19 
kHz and 50%, while to recognize images from plasticine samples + mica 
plastic and mica plastic + cardboard, which is 19.5 kHz and 50%. The 
photoacoustic tomography image system used can detect and image the 
sample clearly, the striking color difference between one material, and another 
shows the difference in sound intensity. 
Keywords : photoacoustic tomography, diode laser, condenser microphone, 
duty cycle 
1.  Introduction 
Photoacoustic tomography (PAT) has grown rapidly in recent years. PAT is cross-
sectional or three-dimensional imaging based on photoacoustic effects. Alexander 
Graham Bell first reported the photoacoustic effect in 1880. But in recent times, PAT was 
developed as imaging technology. PAT combines high ultrasonic resolution and sharp 
optical contrast in one single modality (Chen et at., 2015). PAT can provide high 
structural and functional resolution, as well as in vivo molecular imaging in biological 
tissue at high depth levels (Kim et al., 2010). 
PAT has been applied in various disciplines, including cardiology (Karlas et al., 2019), 
dermatology (Kratkiewicz et al., 2019), oncology (Valluru et al., 2016), ophthalmology 
(Wang & Yao, 2016), gastroenterology (Fajaro et al., 2016), hematology (Strohm et al., 
2016), and neurology (Liu et al., 2018). In terms of location imaging, PAT can be used 
for imaging tumors and cancers in the breast and imaging small animals from the brain, 
ears, eyes, liver, intestines, and skin (Xia et al., 2014). In terms of functionality, PAT has 
been widely used for anatomical, functional, molecular, and metabolism imaging (Attia 
et al., 2019). As for the size of the object, PAT can detect objects ranging from organelles 
to human organs or the whole body of small animals (Fessler et al., 2008). 
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Photoacoustic imaging of various networks using a photoacoustic tomography system 
utilizes differences in the photoacoustic signals emitted on the specific target network. 
With the level of resolution and contrast of the photoacoustic tomography system, the 
system can adequately distinguish normal and abnormal tissue (Steinberg et al., 2019). 
One of the distinguishing parameters between cancerous tissue and healthy tissue is the 
ability of each material to absorb different radiation energy (Rao et al., 2020). The 
difference in photoacoustic signals emitted by cells, tissues, materials, or specific 
materials shows the ability of each element or material to absorb radiation energy is 
different from each other (Beard, 2011). 
The photoacoustic imaging available so far uses complicated and expensive lasers, 
such as Q-switched Nd: YAG, and ultrasonic transducers capable of measuring up to the 
order of tens of MHz [16]. In this paper, the researcher tries to simplify the photoacoustic 
system by using a diode laser as the source of its radiation and using a condenser 
microphone for the acoustic signal detector so that the operation can be more 
straightforward and more economical. On the other hand, this is because it is supported 
by the development of laser diode technology that is inexpensive, has a long lifetime, and 
is small in size (Azma & Safavi, 2013). Condenser microphone (Shah et al., 2019), which 
can measure with a maximum order of 20 kHz as a photoacoustic signal detector, was 
chosen because it is readily available in the market at a relatively low price. The built 
system is then used to differentiate images from several types of material. 
2.  Reserch Methods 
The main equipment used in the study consisted of 1. Green diode laser (532 nm, 200 
mW); 2. Positive lens (f = 5 cm); 3. Omni Behringer ECM 8000 microphone; 4. Behringer 
UCM 220 soundcard; 5. Arduino UNO; 6. Arduino Mega2560; 7. Laptops equipped with 
LABVIEW software; 8. Sample Table; 9. Stative; 10. Stepper Motor. Materials used as 
the study sample consisted of plasticine, iron wire, paperboard, and mica plastic. 
Tools and materials are arranged to form a photoacoustic tomography system, as 
shown in Figure 1. 
 
Figure 1. Schematic set of photoacoustic tomography systems 
Materials that will be sampled, such as iron wire, paperboard, and mica plastic, which 
will be placed in the middle, are cut to a smaller size with a length of ± 2.5 cm. Then the 
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two ingredients are combined into plasticine + iron wire, plasticine + cardboard, plasticine 
+ mica plastic, and mica plastic + cardboard. The sample photo that has been combined 
is shown in Figure 2. 
 
Figure 2. Photo of a test sample 
The frequency of the laser diode modulation is varied through Arduino, starting at 15 
kHz; 15.5 kHz; 16 kHz; 16.5 kHz; 17 kHz; 17.5 kHz; 18 kHz; 18.5 kHz; 19 kHz; and 
19.5 kHz. The frequency of the laser modulation, which produces the highest sound 
intensity is the modulation frequency used for the process of taking test sample data. 
The duty cycle scale in the Arduino program varies from 20%, 30%, 40%, 50%, 60%, 
70%, 80%, and 90%. The diode laser duty cycle scale that produces the highest sound 
intensity is the duty cycle scale used for the process of taking test sample data. 
The process of scanning a sample is done by placing the sample that has been prepared 
on the sample table. The sample is illuminated with a diode laser with a modulation 
frequency and duty cycle scale obtained from the variation of the modulation frequency 
and the scale of the diode laser duty cycle. The sample size scanned is 25 × 7 steps or 
about 5.0 × 1.4 mm, with a scanning speed of ± 0.1 mm/s. 
3.  Results and Discussion(Section style) 
3.1.  Variation of diode laser modulation frequency 
The results of data collection have been done, and it was found that the photoacoustic 
tomography system can detect well at different laser modulation frequencies in each 
sample. Figure 3 shows a plot of the graph of sound intensity as a function of laser 
modulation frequency with a plasticine + iron test sample. From Figure 3, we can see the 
peak signal intensity Sound is at the 19 kHz modulation frequency. Figure 4 shows a plot 
of the noise intensity graph as a function of laser modulation frequency with a plasticine 
+ paper test sample. From Figure 4, we can see the peak of the sound intensity signal is 
at 19 kHz modulation frequency. Figure 5 shows a plot of the noise intensity graph as a 
function of laser modulation frequency with plasticine + mica plastic test samples. From 
Figure 5, it appears that the peak of the sound intensity signal is at 19.5 kHz modulation 
frequency. Figure 6 shows a plot of the noise intensity graph as a function of laser 
modulation with a plastic mica + cardboard test sample. From Figure 6 the signal intensity 
peaks appear at the 19.5 kHz modulation frequency. The optimum laser modulation 
frequency is obtained by looking at the results of the plot of sound intensity data on the 
variation of the laser modulation frequency. The peak data from each of the graphs in 
Figure 3, Figure 4, Figure 5, and Figure 6 show the optimal laser modulation frequencies 
for each sample. 
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Figure 3. Graph plot of the diode laser modulation frequency variation for sound 
intensity for plasticine + iron wire samples 
 
Figure 4. Graph plot of the diode laser modulation frequency variation data to sound 
intensity for plasticine + cardboard samples 
 
Figure 5. Graph plot of the diode laser modulation frequency variation for sound 
intensity for plasticine + mica plastic samples 
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Figure 6. Graph plot of the data variation of the diode laser modulation frequency to the 
sound intensity for mica plastic + cardboard samples 
3.2.  Variation of diode laser duty cycle 
The optimal laser duty cycle (DC) for each sample is at a value of 50%. Figure 7 shows 
a plot of the sound intensity graph against DC for the plasticine + iron test sample. From 
Figure 7 it appears the peak sound intensity is at DC 50%. Figure 8 shows a plot of the 
sound intensity graph against DC for plasticine + cardboard test samples. From Figure 8 
it appears the peak sound intensity is at DC 50%. Figure 9 shows a plot of the sound 
intensity graph against DC for plasticine + plastic mica test samples. From Figure 9 it 
appears the peak sound intensity is at DC 50%. Figure 10 shows a plot of the DC sound 
intensity plot for the mica + cardboard plastic test sample. From Figure 10 it appears the 
peak sound intensity is at DC 50%. The results of the images of each sample at DC 50% 
duty cycle can clearly distinguish the samples. The results of the image of each sample 
that uses a duty cycle higher than 50% show a decrease in the average intensity of sound 
captured by the microphone. This can be seen in Figure 7, Figure 8, Figure 9, and Figure 
10. 
 
Figure 7. Graph plot data of diode laser duty cycle variation on sound intensity for 
plasticine + iron wire samples 
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Figure 8. Graph plot data of diode laser duty cycle variation on sound intensity for 
plasticine + cardboard samples 
 
Figure 9. Graph plot data of diode laser duty cycle variations in sound intensity for 
plasticine + mica plastic samples 
 
Figure 10. Graph plot data of diode laser duty cycle variation on sound intensity for 
mica plastic + cardboard samples 
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3.3.  Photographic tomographic imaging results 
From the results of diode laser modulation frequency variations and duty cycle 
variations, the optimal laser modulation frequency and laser duty cycle values are 
obtained for each sample. The optimal frequency and duty cycle values shown in Table 1 
are used to scan samples. 
Table 1 Modulation frequency and optimal duty cycle of each sample 
 




Table 2 shows the scanning results of each sample using the laser modulation 
frequency and optimal laser duty cycle as the data in Table 1. Scanning of the four test 
samples shows the results of images with contrasting colors on each object, and the 
average sound intensity obtained by each test sample shows a different value. The reddish 
color of the image results shows a higher sound intensity that is the image of the iron wire 
sample for number 1, cardboard paper samples for number 2, mica plastic for number 3, 
and cardboard paper for number 4. While the yellowish image color shows lower sound 
intensities, i.e., images from plasticine for numbers 1, 2, 3, and plastic mica for number 
4, blue images that appear in numbers 1, 2, 3, and 4 are the results of the lowest sound 
intensity which is probably derived from images from the air column formed in the test 
Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    
J. Phys.: Theor. Appl.  Vol. 4 No. 2 (2020) 70-78 doi: 10.20961/jphystheor-appl.v4i2.42547 
 
Mitrayana, D. C. N. Cahyani, M. Satriawan  77 
 
sample. The system can clearly detect two different objects. The difference in sound 
intensity is due to the different absorption coefficients of the two objects. 
Quantitatively, the difference in test samples can also be seen from the average sound 
intensity of the scanning results of each sample shown in Table 3. 
Table 3 the average sound intensity of the scanning results of each sample 
 
4.  Conclusions 
The photoacoustic tomography system that has been built shows excellent 
performance where the images obtained can distinguish various materials tested. The 
optimum setting of laser modulation frequency and duty cycle in the photoacoustic 
tomography image system for plasticine + iron and plasticine samples + cardboard is 19 
kHz and 50%, while for plasticine + mica and mica plastic + cardboard samples are 19.5 
kHz and 50% Photoacoustic tomography image systems have been proven to be able to 
image two different types of material, contrasting color differences in image colors 
indicate a difference in sound intensity due to differences in material absorption 
coefficient. 
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